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157] ABSTRACT 

The cable comprises one or more fiber bundles having 
100 or more fibers per bundle, the diameter of the fibers 
having a value smaller than 20 micrometers, and the 
fibers preferably consisting of an alloy containing tita- 
nium as base metal and, in addition, at least one metal 
firom the group including niobium, tantalum, zirconium, 
chromium, molybdenum, iron and aluminum. The bun- 
dle may be wound around the longitudinal axis of the 
cable and/or plaited with other bundles. Furthermore, 
the fibers of a bundle may be twisted (snaked), circum- 
stances permitting. Each bundle and its fibers should, 
however, run to advantage ui a way to have the length 
of the bundle as well as the length of each fiber of the 
bundle preferably be not more than 50% and, for exam- 
ple, not more than 30% longer than the cable. The 
fibers may be bent down to very small radii of curva- 
ture, without any fatigue failures taking place, while a 
relatively low electrical n^istance of the cable may be 
achieved. The fibers are covered on their outer surfaces 
by a metal oxide layer, effective to insulate the fibers, in 
addition to the normally provided rubber-elastic insula- 
tion. 

37 Oaims, 2 Drawing Sheets 
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wires of circular cross-section, whereas the wires actu- 

ELECIRICAL CABLE FOR PERFORMING ally used are specified as SO micrometers in diameter. 

STIMULATIONS AND/OR MEASUREMENTS In most of the known cables the wires are wound 

INSIDE A HUMAN OR ANIMAL BODY AND individually. In the cited US-PS 4,640,9S3 the wires are 

METHOD OF MANUFACTURING THE CABLE 5 wound in bundles, to helices, the helical pitch of the 

wires, or the wire bundles, being generally made rather 

BACKGROUND OF THE INVENTION smaU. resulting in adjacent helical windings abutting 

1. Field of the Invention against each other, or pretty nearly so. To be sure, the 
The present invention refers to an electrical cable for wire or fiber pliability (flexibility) may be improved in 

perfonning stimulations and/or measurements inside a this way, as compared to wires disposed in straight line, 
human or animal body to be used in conjunction with However, when the wires are bent to small radii of 
electrical or electronic instruments, such as a cardiac curvatures, fatigue fractures may occur, this being also 
pacemaker. The cable may comprise one or more bun* a function of the type of wire used. If, due to such a 
dies of electrically conducting wires. It should be un- fracture, current interruption takes place in the cable of 
derstood. therefore, that whenever the term bundles is a cardiac pacemaker, the patient may be instantiy killed, 
referred to in pluial. the singular is meant to be in- Such fractures are therefore dangerous possibilities, 
eluded* unless the formation under discussion clearly In US-PS 4,640,983, the cable is wound into helices 
includes several bundles, as for example a plaited, consisting of bundles,each comprising seven twisted 
woven or twisted formation. The invention equally wires. These cables are said to show fatigue resistance 
refers to a method for manufacturing the cable of the ^ down to values of bending radii as low as 1.5 mm. How- 
invention, ever, the task of shaping bundles of intertwisted wires 

2. Description of the Prior Art into coils to follow the form of multiple threads is rather 
Cables of this type are commonly used in medicine difficult and elaborate. 

and surgery in conjunction witii electrical and/or elec- all known cables having wires wound to coils and 

tronic equipment, and are implanted together with such 25 their ^ding substantially abutting against one another, 

equipment mto a human or animal body for the purpose j^e wound-off length of the wires is made to be a multi- 

of stimulation measurement and recording of physio- ^f the length of the corresponding cable. This re- 

logical variably and thus for res^ch, therapy and the disadvantage, that the electrical resistance is 

management of patients with ^diological neurologi- j j increased. To compensate for this disadvantage 

cal and other disease. The cardiac pacemaker is a clas- 30 ,^ ^ 

"t:^:^Setiti^^^^^^^ materi^dhavingalowpcificd^^^^ 

, , " J-** rr^ * as Dlatinum-iridium. silver, or coDner. To be sure these 

maker Lead by A. Sinnaeve. R. Willems and R. Stroo- i>i»uuuiu uiuiuiu, auv«»i w wi^i^a. * « ^ au*«? ui«» 

K«X t^or^J in thT^^^ materials have unfavourable mechanical properties, 

bandt, appeared m^epubh^^ Pacemaker I^ds pi^tinium and iridium as weU as silver are relatively 

(pages 47-55), edited by A.E. Aubert and H. Ector 35 ^^^^ muium » wcu » juvw oijc *«au «y 

&er Sciice Publications B.V., Amsterdam, 1985), expensive, wher«is copper may become oxic, when 

the authors elabomte in detail on die requirements of ^^,^8^^ "J with bodily fluids or cells, 

pacemaker leads. Such leads (referred to^ cables in tiie J \ Y^^^^ P^^^^^ uisulation si^oundmg 

present specification) are subject to repetitive mechani- wires is miplanted mto a human or animal body the 

cal stresses, by being moved and deformed in the course 40 POSsibUity may anse that the msulation wiD suffer dam- 

of every heartbeat, adding up to approximately 37 mil- ^^^^ cable msertion,or later on dunng any 

Uon of repetitions each year. To tiicse arc added the movements of the bodily parts that accommodate the 

stresses due to tiie movements of breathing, the move- <^We. The result may be Uiat the electrical energy sup- 

ments of tiie arms, and the otiier bodUy movements. P^^d will get short-circuited mto the human or animal 

There result in die lead bending stresses and dcforma- 45 before reaching tiie end of the cable. This could 

tions, primarily, but also torsional stresses and dcforma- happen with all of die wire materials specified before 

tions, as weU as tension stresses and elongations. The except perhaps witii aluminium. For the sake of clarifi- 

leads or cables are required to stand up to these mechan- cation let some additional geometrical and physical 

ical loads without breaking, they should have a prefera- variables and their mutual relationships be now ex- 

bly low electrical resistance. They should also have 50 plained. In the following, the term critical radius of 

high corrosion resistance in regard to blood and other curvature rc will be used to refer to the smallest radius 

bodily fluids, and be as thin as possible. curvature to which a cable wire or fiber may be bent, 

Many of the known pacemaker leads comprise wires without causing any fracture. If a wire or a fiber of a 

of circular or rectangular cross-section. The wires fre- cross-sectional moment of inertia I, and a section modu- 

quentiy consist of a platinum-iridium alloy, of alloys 55 lus W, and of a material having a modulus of elasticity 

containing silver or gold, of the alloys commercially E flJ^ti a maximum allowable tensile stress <ri, then the 

available under the names Elgiloy and MP35N and critical radius of curvature may be expressed by the 

comprising cobalt, chromium, nickel and other compo- formula: 
nente, or of tungsten, stainless steel and aluminium or 

copper. The cables are commonly provided with insula- 60 ^ gj <i) 
tion on the outside and sometimes they comprise a core * " '•Vr 
made of insulating material. In this connection refer- 
ence is made to the article by Sinnaeve et al. cited If the wire or fiber has a circular cross-section and a 
above, as well as to US-PS 4,640,983. In most of the diameter d, then 
known cables, having wires of circular cross-section, 65 

the diameters of these wires are in the order of magni- ^ _ 2/ 
tude of about 0.1 mm or more. In US-PS 4,640,983 are 
recommended diameters of 20 to 80 micrometers for 
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and the critical radius of curvature becomes: electrical leakages and the possibility of toxic effects 

inside the body should be largely eliminated, while a 
_ £tf (2) low electrical resistance of the cable and an economical 

' method of manufacturing the cable should be made 



The electrical resistance R of a conductor of a mate- The foregoing and other objects are attained in accor- 

rial with specific electrical resistance p, length 1, and dance with one aspect of the invention by providing an 

cross-sectional area A, may be expressed as: electrical cable for performing stimulations and/or mea- 

surements inside a human or animal body, to be used in 

^ _ 9\ (3) conjunction with electrical and/or electronic instru- 

^ ments, such as a cardiac pacemaker, the cable compris- 
ing one or more bundle of whres. According to the 

The formula (2) implies that the critical radius of invention the wires arc implemented as fibers less than 

curvature is proportional to the modulus of elasticity, 20 micrometers thick. 

and inversely proportional to tiie allowable tension 15 The invention also concerns a method of manufactur- 
^ess, and proportional to tfie diameter d for wires or ing an electrical cable of tiie aforementioned kind, 
fibos of CTCular cros&«ection. One alloy frequenUy wherein a number of relatively thick wires of the same 
used m coiyunction witii known cables is the platinum- material as the fibers to be made are imbedded into a 
iridium alloy, which conasts of 10% by weight iridium ^trix consisting of a different material and are sub- 
and tiic rest platinmiL This aUoy has a comparatively 20 j^^^ ^ deformation pro- 
high modulus of chisticity, specificaUy about 150 GPa, ^^i^j, the wires are made longer- 
"^fi °????S'''^^r r tension stress, spe- ^ thimier. wherein, furthermore the matrix is subse- 

SS^i^Jn nf^"^.^ ;S11T±'''thl^^^^ ^^^y ^'^^^^ ^ t° yi«Jd more 

circular cross-section of a diameter of 0. 1 mm, then, by bundlM of fibers 

mserting the above values into formula (2) tiiere results 25 ° , . . ;r„«i.«t«H «o.^{oii« «r 
a critical radius of curvature of 25 mm. However, the ^^^«P*«d to be "nplanted parually or 
curvatures actually occurring when hnplanting a cable ^^^V^^'^^V "^^e a human or animal body and to be- 
mto the body, will be conriderably smaUer tnd thus ti"^^^^^ stunulaUon and/or measure- 
below critical This can be partially compensated by f*^'*^ cable may be adapted for stimulatmg the 
high-strengUi cobalt-alloys also used for making cables. 30 y ^ ^^^lac pacemaker Stmiulation of 
These alloys have higher allowable tension stresses, to ^^^^ ^^^^ ^« ^ possibilities. Further- 
be sure, but even higher moduli of elasticity tiian the ^ ^ adapted to carry electncal sig- 
previously mentioned platinum-iridium alloy. Further- generated by body cells to a measuring device, 
more, it is difficult to form them to thin wires. -^^o tiie cable may be adapted to carry electrical cur- 
It is known in the field of superconductivity to inbed 35 ^'^P™ * current source, to an activating device lo- 
into a copper matrix a relatively large number of rela- * bodily part, or from a sensor located 
tively thick wires of a titanium-niobium alloy, and to ^ide a bodily part, to a measuring device, 
stretch tiie resulting composite conductor to thus make ^® preferably inade circular in cross-sec- 
it thinner. There results a composite conductor contain- ^ion, not considering irregularities due to surface rough- 
ing titanium-niobium wires imbedded into a copper 40 ness, but could possibly have a different, roundly cross- 
matrix and having diameters between 12 and 13 mi- sectional shape, deviatmg more or less from a cffcle. In 
crometers. Such a composite conductor cannot be used, ^ latter case, the •'thickness" of the fibers is meant to 
however, as implant into a human or animal body. It is their maximum cross-sectional dimension, 
unsuited for such a purpose, because its outer diameter The invention is rooted in the recognition, that when 
is of the order of magnitude of 1 mm, making the con- 45 implanting a cable to be connected to a cardiac pace- 
ductor very rigid, and also because copper may turn out maker or to another similar device, the cable could 
to be toxic inside the body, as previously mentioned. become subjected to bends of radii of curvature as low 

as 1 to 2 mm. However, the diameter of the thinnest 

SUMMARY OF THE INVENTION manufacturable cable used in tiie art lies within the same 

Hence from what has been explained heretofore it 50 ranccof 1 to 2 mm. By using fibers according to the 

should be apparent that the art is still in need of ah invention of less than 20 micrometers, and preferably 

electrical cable for performing stimulations and/or mea- less or equal to 15 micrometers maximum, the critical 

surements inside a human or animal body, a cable not radius of curvature becomes lowered to less than 2 mm, 

associated with the aforementioned drawbacks and for example to less than 1.5 mm, or even less than 1 mm. 

limitations of the state-of-the-art proposals. 55 The feasible corresponding fiber thickness may be less 

It is therefore a primary object of the present inven- than 5 micrometers or more, 

tion to provide a novel electrical cable for performing The cable may comprise one single bundle of fibers, 

stimulations and/or measurements inside a human body or preferably two or more fiber bundles. Each bundle 

which is not associated with the drawbacks and limita- may contain 100 or more, 200 or more, 500 or more, 

tions of the prior art as heretofore discussed and which 60 1000 or more and even up to 3000 fibers, in dependence 

effectively and reliably fulfills an existing need in the of the number of available bundles and of the desired 

art. value of electrical conductance, i.e. the reciprocal value 

Another and more specific object of the invention of the electrical resistance, 

relates to a new and improved electrical cable for per- The fibers belonging to a bundle may run parallel to 

forming stimulations and/or measurements hiside a 65 the longitudinal axis of the bundle, or they may be 

human or animal body in conjunction with electrical wound around the latter axis. Such fibers should be 

and/or electronic equipment, such as a cardiac pace- preferably held together with such looseness, that adja- 

maker, in which cable the danger of fatigue fractures, cent fibers be able to perform limited movement relative 
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to each other. However, they should also preferably 
rest agah^ each other, at least in places, and exert a 
certain Tninimiiin compression force, sufficiently large 
however, to enable electrical contact between adjacent 
fibers to take place, at least in places* in spite of any 
oxide layers covering the fibers, a feature to be yet 
explained in more detail. 

Each bundle of fibers belonging to a cable may form 
an angle with the longitudinal direction of the cable, at 
least at most of its sections, and be specifically zigzag- 
shaped and/or wave-shaped and/or helix-shaped. The 
cable may comprise bundles of fibers, loosely arranged 
or loosely held together for example by being plaited, 
knit, woven or twisted, resulting m interspaces between 
adjacent bundles, at least in places. The bundles will 
then be able to move to a limited extent, relative to each 
other. As a result, a fiber configuration including the 
totality of fibers may show good deformability and the 
possibility to stretch the fiber configuration beyond the 
extensibility of the individual fiber, as well as the possi- 
bility of bending and torsional deformations and a cer- 
tain elasticity of form. Whereas the elastic extensibility 
of the individual metallic fiber typically lies in the order 
of 1%, it is possible to make the aforementioned fiber 
configuration to be stretched by as much as 10% or 25 
even 20%, depending upon requirements and to impart 
it a low balding and torsional stif&ess. For applications 
not requiring particularly large values of cable extensi- 
bility, the fiber bundles of a cable may be arranged to 
run parallel to the longitudinal axis of the cable. 

Normally, it is of advantage to have the fibers run at 
least substantially obliquely to the longitudmal direction 
of the cable to endow the cable with good deformabil- 
ity, good flexibility and good twistability. This may be 
achieved, as described before, by twisting the fibers 35 
around the longitudinal axis of their bundle and/or by 
arranging the bundle or each bundle, respectively to 
make it run at least substantially obliquely to the longi- 
tudinal direction of the cable. 
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as a weighted average value of the angle. The specified 
Imiiting values applying to the differences in length 
between the fibers, bundles and cables, may be imple- 
mented by making the angle formed by the fiber bimdles 
and their fibers, with the longitudinal direction of the 
cable, to amount to not more than about 30' or even not 
more than about 20" If the fibers are made not more 
than 50% longer, or by not more than 30% longer than 
the cable, then the possibility exists to obtam an electri- 
cal resistance of a fiber that is only larger by a cones- 
ponding percentage than the resistance of a fiber run- 
ning paraUel to the longitudinal direction of the cable. 
A pattern of the kind not running paraUel to the direc- 
tion of the cable and/or fiber bundles will then yield a 
considerably smaller increase in resistance than the 
helix shape of the wires used in many of the known 
cables, in which neighbouring helical windings substan- 
tially abut against each other and the length of a wire 
has the value of a multiple of the length of the cable. 
Smce the cable according to the invention may be ar- 
ranged to have the fiber bundle and its fibers form com- 
paratively small angles at most, with the longitudinal 
direction of the cable, without any loss in flexibility, it is 
also possible to achieve, by means of a cable according 
to the invention, a relatively small electrical resistance, 
if the specific electrical resistance of the fiber material is 
not particularly low and/or if the total cros^sectional 
area of the fibers is comparatively small 

The fibers comprise a metallic material containing at 
least one metal. In a preferred embodiment the fibers 
consist of an alloy containing one or more of the metals 
niobium, tantalum, zirconium, chromium, molybdenum, 
iron and aluminium, in addition to the base metal con- 
sisting of titanium. The proportion of titanium in the 
alloy in percent by weight should be the largest and, in 
general, should be not less than 50 percent. Further- 
more, not considering any impurities present, the fibers 
should preferably not contain any other metals but tita- 
nium and the previously mentioned alloy components. 



If the individual fibers are wound around the longitu- 40 The alloy of which the fibers are to be make should 



dmal axis of their bundle, the so-formed coils should be 
stretched to a large extent. The term stretched is used 
here to mean, that the fibers should have pitches large 
enough to have the wound-off length of each fiber be 
only slightiy larger than the length of the bundle associ- 45 
ated with said fiber, specifically, by less than 20%, pref- 
erably by less than 10%, and for example by less than 
5%. If the bundle follows a zigzag-, wave or helix- 
shape, then the zigzag-, wave- or helix-shaped line de- 
scribed by the bundle should also be greatiy stretched, 50 
so that the woimdoff length of the bundle, as well as the 
wound-off lengths of the individual fibers be only 
slightly larger than the length of the entire cable. The 
length of each bundle, and also the length of each of its 
fibers should be larger than the length of the cable itself, 55 
preferably by 30% or less, or for example by 30% or 
less. If a cable comprises for example a helix generated 
by a single bundle, or by several bundles in the manner 



preferably be cold-formed, which it to mean that at least 
the terminal part or terminal phase of the process of 
deformation in which the fibers are produced, is a cold 
forming process. This process is yet to be explained in 
detail. 

The cable is preferably provided, on the outside, at 
least, with electrical insulation consisting of a rubber- 
elastic, pliable and bio-compatible material, for example 
of an dastomer based on polyurethane or silicon. If used 
in conjunction with a cardiac pacemaker, and for other 
purposes too, it is of advantage to make the cable hose- 
shaped and provided with a longitudinal hollow space 
open at one end and closed at the other end, in which 
space a so-caUed stylet may be transienUy inserted. The 
fibers of a cable may constitute, together, a single con- 
ductor, or they may be subdivided into groups insulated 
against each other, each such group to form an individ- 
ual electrical conductor. 
Titanium and the titanium alloys made reference to 



of a multiple thread, there should be open clearance 

spaces provided between neighbouring bundle wind- 60 before also possess good strength and a relatively low 

ings, to be preferably considerably larger than the bun- modulus of elasticity, this latter feature being of particu- 

dle thickness, and to amount for example to a multiple lar advantage, because it keeps bending stresses low. 

of the bundle thickness. The ratio between the length of Titanium belongs to the group of metals of the alpha- 

a fiber bundle, or the length of an individual fiber, and type. Depending on their composition, titanium alloys 

the length of the cable is equal to the reciprocal value of 65 may have varying phase structures, and may corre- 

the cosinus of the angle that the bundle, or the fiber, spondingly belong to the alpha-, the alpha-beta- or the 

forms with the longitudinal direction of the cable. If this beta-type. The TiNbTaAl alloy containing 3% by 

angle varies along the cable, then this ratio is specified weight niobium. 1% by weight tantalum, 6% by weight 
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aluminum and the rest titanium, belongs for example to made of the same material and having a cross-sectional 

the alpha-type. The group of alloys of the alpha-beta- area equal to that of 200 fibers would have a diameter of 

type includes for example the alloy TiAlFe containing 240 micrometers as well as a bending stiffness 200 times 

5% by weight aluminum, 2.3% by weight iron and the larger and equal to LI X lO-^Nm^. 

rest titanium, as well as the alloy TiNbAl containing 7% 5 The specific electrical resistance of titanium has a 

by weight niobium, 6% by weight aluminum and the value of 42^cm, whereas that of titanium alloys a 

rest titanium. The group of alloys of the beta-type in- value of 90jxncm. For the purpose of comparison let it 

eludes the alloy TiNb containing 40% by weight nio- be pointed out, that the specific resistance of the Ptlr- 

bium and the rest titanium, as well as the alloy TiMoZ- alloy used in known cables and containing 10% by 

rAl containing 15% by weight molybdenum, 5% by 10 weight iridium and the rest platinum is 25/incm. 

weight zirconium, 3% by weight aluminum and the rest whereas the specific resistance of the cobalt-alloys also 

titanium. The modulus of elasticity typically , lies at 100 used in known cables lies around TOfiflcm. To be sure, 

to 120 GPa for the alloys of the alpha-type and alpha- titanium and its alloys have a larger specific resistance 

beta-type and at about 63 to 1 10 GPa for the alloys of than the PtIr-allo>^, this, however, may be compensated 

the betatypc, the exact values depending upon the heat 15 for in the cables of the hivention by the fact, that fibers, 

treatment applied. The alloys of the beta-type have a as noted before, must only be slightly longer than the 

cubic structure and, as a feature shared to some extent cable, whereas in the known cables the length of the 

by the alloys of the alpha-beta-type they display larger wires is normally a multiple of the length of the cable, 

plastic deformability than titanium and than the alloys Titanium is reactive toward oxygen. As a matter of 

of the alpha-type having a hexagonal structure. Thus, 20 fact, if a fiber consisting of titanium-alloy is placed into 

the alloys of the alpha-beta-type and, above all» the an environment containing free or bound oxygen effec- 

alloys of the beta-type have more advantageous features tive to act in an oxidizing manner and is subjected to the 

than the materials of the alpha-type. Also the mecfaani- action of atmospheric oxygen or of electrolytic liquids, 

cal strength of the albys of the beta-type may be in- then a compact film-like metal oxide layer, specifically 

creased by heat treatment, such as solution-annealing 25 TiOa in the case of titanium, wUl get generated on the 

and/or aging. outer surface of the fiber. In similar fashion, the metals 

The cold-formed TiNb-alloy of the beta-type referred previously mentioned as possible alloy components, 

to before has a modulus of elasticity of about 69 or 70 specifically, niobium, tantalum, zirconium, chromium 

GPa. The ultimate tension or fracture stress, upon sin- and aluminum, are reactive toward oxygen Also iron, if 

gle application of a tension load, has a value of 0.88 30 a component of a titanium alloy, will be similarly cov- 

GPa, whereas the fatigue stress, i.e. the stress allowable ered by a layer of oxide. 

while applying bending loads repeated any number of The layer of oxide generated on the outer surface of 

times, has a value of 0.4 GPa. If the formula (2) is re- each fiber by spontaneous oxidation typically possesses 

solved for the fiber diameter d, and if the value of the a thickness in the order of magnitude of 3 nm. If thicker 

modulus of elasticity is inserted for E and the value of 35 layers of oxide are desired, such thicknesses may be 

fatigue stress is inserted for trz, or more accurately, increased up to about 50 nm or more by anodic oxida- 

instead of (Ta both of these values to refer to TiNb, and tion. 

.if a critical radius of curvature of 1.5 mm is assumed, The layers of oxide generated spontaneously and/or 

there results a fiber diameter d of 17 micrometers. increased in thickness by anodic oxidation, as the case 

If the previously mentioned Ptir-alloy used for 40 may be , are effective to protect the metal against corro- 
known cables and having E=150GPa and a fatigue sion. Therefore, if the cable insulation normally pro- 
stress of 0.3 GPa were to be employed for achieving a vidcd suffers damage, and some fibers will come in 
critical radius of curvature of 1.5 mm, then the fiber contact with blood or other bodily fluids or with bodily 
diameter would have to be about 6 micrometers and cells, practically no corrosion will take place. Further- 
thus considerably thinner than the diameter required in 45 more, titanium and its alloys are free of toxicity and 
case of a TiNb-alloy. If using a high-strength cobalt display biologically inert behaviour, 
alloy having E»230 GPa and a fatigue stress of 0,8 A layer of oxide generated spontaneously on the 
GPa, the fiber diameter would have to be 10 microme- outer surface of a fiber and/or increased in thickness by 
ters. To be sure, the platinum-iridium alloys, and more anodic oxidation, is efTcctivc to act as an electrical insu- 
so the cobalt alloys, have considerably worse plastic 50 lator, provided that no significant compression forces 
deformation properties than titanium and the titanium act upon it, the insulating effect being dependent upon 
alloys, so that malting sufficiently pliable fibers of plati- the polarity of the voltage. In the case of anodic polar- 
num-iridium alloys and of cobalt-aUoys would be com- ization, i.e. if a positive voltage acts on the metal, then 
paratively difficult. the layer of oxide will be insulated up to a breakdown 

The bending stiffness S of an individual fiber may be 55 voltage dependent upon the specific metal, but having a 

expressed as the product EI, in which E and I have the value of at least 3 volts. If the voltage is of reversed 

meanings specified in conjunction with the formula (1). polarity, then, up to 10 volts or more,there will flow 

The bending stiffness of a bundle of loosely held to- tiurough the layer of oxide but negligibly small current, 

gether parallel or perhaps slightly twisted fibers is sub- If, however, wires of titanium or of titanium alloy, of an 

stantially equal to the product of the number of fibers 60 insulated cable, will come in contact with bodily fluids 

rimes the bending stiffness of an individual fiber. The or bodily tissue, due to damaged insulation, then the 

bending stiffness of a bundle of fibers is considerably layer of oxide will prevent any undesirable electrically 

smaller than that of an individual wire having a cross- conducting connection with the body at the place of 

section equal to the total cross-sectional area of the damaged insulation, provided that no compression 

fibers of a fiber bundle. A bundle having 200 fibers 65 forces act upon the oxide layer. However, if corapres- 

consisting of the aforementioned TiNb-alloy and having sion forces do act upon the fibers and upon their oxide 

a diameter of 17 micrometers, possesses, for example, a layers, then these layers will lose their electrically insu- 

bending stiffness of 5,7Xlo-8Nm2 An individual wire lating effect It is therefore possible that if adjacent 
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fibers are made to come into mutual contact, in places, 
under the action of a certain minimum compression 
force, then electrically conducting spots may arise at 
the places of contact, in spite of the presence of the 
layer of oxide. If, therefore, one fiber in a bundle should 
break, then some of the adjacent fibers may be able to 
electrically bridge over the fractured location, with the 
result that the fracture will not result in any significant 
increase of the electrical resistance. Evidently, the fi- 
bers of one or several bundles at the ends of a c^le may 
be readily electrically connected with any other electri- 
cally oonductbg body, such as a contact electrode or a 
connector of an electronic pulse generator. 

As noted before, the cables are generally provided 
with a rubber-elastic electrical insulation. Since the 
layers of oxide generated on the surfaces of the titanium 
or the named titanium-alloy fibers are effective to pro- 
tect these against corrosion and to act as electrical insu- 
lation, the rubber-elastic insulation may be dimensioned 
comparatively thin. Thus small cross-sectional dimen- 
sions, i.e. small diameters and small cable stiffiiess val- 
ues may be achieved. 

Metallic fibers havmg diameters less than 20 microm- 
eters cannot be made using the methods commonly 
employed for manufacturing individual wires. Such 25 
fibers may however be made as bundles, starting out 
with comparatively thick wires of preferably circular 
cross-section and consisting of the material of the fibers 
to be formed, in a number corresponding to the desired 
himiber of fibers in a bundle. These thick wires are 
inserted into bores of a block that consist of a metallic 
material different from the material of the fibers. The 
block, functioning as a matrix, should be of a material 
preferably softer than the material of the fibers and have 
similar ductility properties as this material, in regards to 
deformations of elongation. A suitable material for the 
matrix may be for example copper or a coppcr-nickcl- 
alloy. The composite blank now consisting of the matrix 
and the wires imbedded into the matrix may be 
stretched and reduced in diameter, in steps, by hot and- 
/or cold pressing and/or rolling and/or drawing. As a 
result, the wire thickness will shrink to the desired fiber 
thickness. The terminal step or phase of the deformation 
process, at least, is to preferably be a cold forming pro- 
cess. Such deformation may be performed by warm 45 
pressing and sul^quent cold drawing. In a deformation 
process of this kind, the volume of the blank, as well as 
that of the individual wires will remain constant. As 
noted before, a similar method of deformation is used in 
the art for making superconductors, the fibers involved 
consisting of a titanium-niobium-alloy imbedded into a 
copper matrix. To be sure, when making the supercon- 
ductors, the matrix remains preserved, whereas in the 
present method of manufacturing fibers for an electrical 
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the matrix before the matrix is dissolved or after matrix 
dissolution. Furthermore, it may be formed, in accor- 
dance with the desired type of the cable to be produced, 
as an individual bundle in zigzag-, wave- or helix-sluq>e, 
and/or be connected with other fiber bundles. 

If the twisting and/or plaiting and/or any other form 
giving performed on the fiber bundle is carried out 
before dissolving the matrix, then the connection be- 
tween the fibers and the matrix will guarantee, that the 
fibers will become bent in the same manner the matrix 
that surrounds them is bent, without any fracture of the 
fibers. The ductility and/or the strength of the fibers 
may be farther influenced in desired manner by heat 
treatment, such as by soft annealing or solution anneal- 
ing and/or aging. This heat treatment may be carried 
out after the fibers have been made of wires, m a process 
preserving the volume, but involvmg elongation and 
reduction in cross-sectional area, specifically before 
and/or during and/or after dissolving the matrix, as 
well as before and/or during and/or after the form 
giving of the fibers taking place in the aforedescribed 
manner without any substantial elongation and reduc- 
don m cross-sectional area. If the fibers consist of a 
titanium-alloy of the beta-type and particularly if, in 
addition, a cold-forming step is included at least in the 
end phase of the multi-step deformation process used in 
the manufacture of the fibers by elongation and reduc- 
tion m cross-sectional area, then the strength of the 
fibers may be additionally mcreased by means of heat 
treatment, such as solution annealing and/or aging. 
Furthermore, the fibers may be subjected to anodic 
oxidation immediately after having produced a bundle 
or only after the fiber bundle has been deformed into 
zigzag-, wave-, or helix-shape, and/or connected with 
other fiber bundlcs,but obviously after the matrix has 
been dissolved. For this, purpose, a fiber bundle or a 
fiber configuration comprising several fiber bundles 
may be oxidized in an oxidizing electrolytic liquid, for 
example in diluted phosphoric acid, at voltages rising in 
the course of the process up to 50 volts or up to 100 
volts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter of the invention will now be ex- 
plained by making reference to the appended drawings 
illustrating several embodiments of the cable of the 
invention. There show: 

FIG. 1 a schematic oblique cross-section of a cable 
showing fiber bundles interwoven, to form a hose- 
shaped fiber configuration, 

FIG. 2 a schematic side view of a longer section of 
the fiber configuration of the cable shown in FIG. 1, the 
cable insulation being removed, 
FIG. 3 a schematic obhque cross-section of a cable 



cable, the matrix is dissolved after deformation, by 55 comprising two groups of fiber bundles electrically 



means of an acid not reacting with the fiber material, 
such as nitric acid. 

As noted before, fiber bundles of the completed cable 
may follow a zigzag-, wave- and/or helix-shaped 
course, while, for example, several bundles may be 60 
made into a plait, a knit configuration, a web and/or a 
hose and/or a chord or a yam. Such a configuration of 
fiber bundles may be implemented in a form-giving 
process subjecting the fibers substantially to bending 
only without any of the elongation and reduction in 65 
diameter performed in the process of producing the 
fibers from wires. In this form-giving process each fiber 
bundle may be subjected to being twisted together with 



insulated with respect to each other, 

FIG. 4 a schematic oblique cross-section of a cable 
comprising three fiber bundles electrically insulated 
with respect to each other, and 

FIG. 5 a schematic oblique cross-section of a cable 
comprising but one single bundle of fibers. 

DETAILED DESCRIPTIGN OF THE 
PREFERRED EMBODIMENTS 

The hose-shaped cable 1 shown in FIG. 1 has a circu- 
lar cross-section and comprises eight bundles (or less, if 
required), of substantially circular cross-sectional 
shapes, and a number of metallic fibers 5 per bundle, of 
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circular cross-section. To be sure, only a fraction of the 
actual number of fibers is shown in FIG. 1. The fiber 
diameters and especially the distances between the fi- 
bers are shown greatly magnified in relation to the outer 
diameter of the cable. The bundles 3 are imbedded into S 
an electrical insulation 7 of annular cross-section. The 
insulation 7 comprises a central longitudinal opening 9 
of circular cross-section, and b effective to insulate the 
bundles 3 both with respect to the outside and with 
respect to the longitudinal opening 9. The insulation 7 10 
consists of a rubberelastic material possessing good 
pliability (flexibility) and biocompiatibility, such as an 
elastomer based on polyurethane or silicon. 

The eight bundles 3 with their fibers 5 are electrically 
connected in parallel, and constitute togethn the dec- IS 
trical conductor of the cable 1. The individual bundles 
3 may be connected — in accordance with FI0.2 — to 
form an interconnected fiber . configuration, specifi- 
cally a hose-shaped plait, in which one half of the bun- 
dles are wound in one direction of rotation, and the 20 
other half m the opposite direction of rotation around 
the longitudinal axis of the cable. The angle of plait, i.e. 
the angle formed by the bundles 3 — as well as by each 
of their fibers — with the longitudinal axis of the cable, 
should be not more than SO*, and preferably considera- 25 
bly less. One may assign to each of the bundles 3 twisted 
around the longituduial axis of the cable a value of pitch 
S, in analogy to the pitch of a helix, this pitch S to be at 
least equal 5 times, preferably 10 times the outer diame- 
ter D of the hose-shaped plait formed by the bundles 3. 30 
To make the meaning and the dimension of the pitch S 
in FIG. 2 more clearly understandable, FIG. 2 shows 
one of the bundles 3 set off by means of shading. The 
insulation 7 not shown in FIG. 2 but readily visible in 
FIG. 1, encloses the bundles 3 at the outer perimeter of 35 
the cable 1. Therefore, the outer diameter of the cable 1 
is somewhat larger than the diameter D visible in FIG. 
2. However, it is to advantage to have the pitch S also 
equal to at least 5 times, and preferably 10 times the 
outer diameter of the cable 1. The fibers 5 of a bundle 3 40 
may run parallel to the longitudinal axis of the bundle 3, 
or be twisted around said longitudinal axis. If the fibers 
5 are twisted (snaked) in this way around each other,- 
then the pitch by which they are wound around the 
longitudinal axis of the bundle is to be equal 5 times and 4S 
preferably 10 times the diameter D, at least,or even 5 
times and preferably 10 times the outer diameter of the 
cable 1, at least. 

The various bundles 3 are plaited to advantage in a 
comparatively loose manner, giving rise to clearance 50 
spaces between the adjacent bundles 3, at least in places. 
As may be concluded from FIG. 1, the insulation 7 can 
occupy the clearance spaces existing between the bun- 
dles 3, at least in places. However, adjacent bundles 
may also come in contact with each other, at least in SS 
places. 

If the cable 1 gets curved or twisted while in use, the 
bundles 3 will be able to move with respect to each 
other. The plait will thus become easy to stretch, bend 
or twist, while any deformation will cause the rubber- 60 
elastic insulation 7 to be deformed too. 

A bundle 3 may comprise, for example, 100 fibers 5 
having a circular cross-secrion, neglecting any devia- 
tions from the circular caused by surface roughness, and 
a diameter of about 12 to 13 micrometers. The total 65 
cross-sectional area of the fibres 5 of one bundle 3 has a 
value of 0.012 mm^. An individual wire of the same 
cross-sectional area would have a diameter of 0.12S 
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mm. Since the fibers 5 do not completely fill the cross- 
sectional area occupied by a bundle 3, it follows that the 
area of the bundle is somewhat larger than the cross- 
sectional area of the previously mentioned individual 
wire, and has a value of approximately 0.02 mm^, corre- 
sponding to a bundle diameter of about 0.16 mm. This 
allows producing cables of a comparatively small diam- 
eter. Thus, the diameter D of the hose-shaped plait may 
be, for example, in the range between 0.6 and 1.5 mm. 
The outer diameter of the entire cable may then be a 
few tenths of a millimeter larger, depending upon the 
thickness of the insulation. 

The fibers 5 may consist of a TiNb-alloy containing 
40% by weight niobium and the rest titanium, the alloy 
having been, perhaps, subjected to heat treatment after 
the fibers have been produced by deformation. Such an 
alloy has a modulus of elasticity of 70 GPa and a fatigue 
stress of about 0.4 GPa. If these two values are inserted 
into the formula (2), there results a critical radius of 
curvature of only 0.9 mm. The TiNb-alloy has a break- 
ing (ultimate tension) stress of about 0.8 GPa if sub- 
jecteid to a single tension load. A bundle 3 with 100 
fibers 5 therefore has a tensile strength of about ION. 
The tensile strength of a hose for example consisting of 
eight bundles interwoven with each other in accor- 
dance with FIG. 1, is equal approximately to the prod- 
uct of the number of bundles times the tensile strength 
of a bundle. 

The TiNb-alloy has a specific electrical resistance of 
86p,ftcm. A bundle 3 comprising 100 fibers S running 
parallel to the longitudinal direction of the bundle and 
having the aforementioned diameter, has a resistance of 
TOflper meter of length. If the plaiting angle, i.e. the 
angle between the longitudinal direction of the cable 
and the bundles has a value of 30', then the length of a 
bundle 3 and of each fiber 5 will be equal to 1.16 times 
the length of the cable. The eight bundles of the cable 
connected electrically parallel with each other will then 
yield a resistance of approximately 10. IH per meter of 
cable length. 

The number of fiber bundles belonging to a cable and 
plaited with each other may evidently be varied, and 
raised easily for example to 10, In this latter case, the 
ultimate tensile strength of the hose-shaped plait will 
become raised to about lOON, whereas the electrical 
resistance of the cable will become reduced to about 
8.inper meter of length. Evidentiy the number of fibers 
per bundle may also be modified, for example raised. A 
bundle may easily contain for example about 200 or 
about 500 fibers, or even more fibers than that. 

In a different embodiment of the cable of the inven- 
tion, each fiber bundle shown in the FIGS. 1 and 2 
contains 100 fibers of circular cross-section and of a 
diameter of 17 micrometers. The fibers 5 may consist, 
instead of the aforementioned TiNb-alloy, of an 
TiMoZrAl-alloy containing 15% by weight molybde- 
num, 5% by weight zirconium, 3% by weight alumi- 
num, and the rest titanium, the alloy being subjected to 
aging after the fibers have been produced. This fiber 
material has a modulus of elasticity of 90 GPa and an 
allowable fatigue stress of about 0.7 Pa, so that formula 
(2) yields a critical radius of curvature of 1.2 mm. The 
fiber material has an ultimate tension stress, at single 
subjection to tension, of 1.2 GPa, so that a bundle of 100 
fibers 5 will possess a tensile strength of about 30N The 
specific resistance of the TiMoZrAl-alloy has a value of 
90 cm, yielding a resistance value for a fiber bundle of 
35/iftper meter of length. 
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If the cable 1 is meant to serve as component of a The cable 61 shown in FIG. 5 fills in cross-section a 

cardiac pacemaker, there may be provided at the heart- complete circle and comprises a centrally disposed elec- 

end of the cable a contact electrode to act as an activa- trical conductor consisting of a bundle 63 running paral- 

tor, effective to connect the conductor cons^tuted by lei and coaxial to the longitudinal axis of the cable and 

the totality of fibers 5 with the tissue to be stimulated. In 5 having for example SOO or more, or 1000 or more fibers 

this case the contact electrode is preferably provided 65, which in turn are preferably twisted, i.e. wound 

with a closure adapted to seal the longitudinal opening around the longitudinal axis of the cable or possibly 

9 tight, for example with a sleeve enclosing the terminal arranged to run parallel to said longitudinal axis. The 

section of the insulation 7 and being fastened thereto. At conductor is enclosed inside an insulation 67 annular in 

the other end, the cable may be provided with a connec- 10 cross-section and could consist, as an alternative, of 

tor, which in turn may be connected to an electrical several fiber bundles, rather than a single one, which 

pulse generator. The contact electrode and the connec- would be wo\md around the longitudinal axis of the 

tor may be fastened to the cable fixedly or loosenably cable, Le. twisted or plaited. 

and may constitute together with the cable an electrical The metallic fibers of the cables shown in FIGS. 3,4 
conducting device. In the hnplanted state of the cardiac IS and 5 may consist of one of the alloys specified in con- 
pacemaker the cable 1 is effective to electrically con- junction with the fibers 3, and may also have the same 
nect the pulse generator with the contact electrode. In or similar cross-sectional dimensions as the fibers 3. 
other respects, the cable 1 is constructed in a way to The fibers required for producing the cables shown in 
have a so-called stylet, implemented as a wire-shaped the various figures, may be manufactured in accordance 
stud, or arranged to comprise such a stud, inserted into 20 with the manufacturing method described in the intro- 
thc longitudinal opening 9, from its end meant to be duction and its variants. With this manufacturing 
connected with the pulse generator. By the use of this method fiber bundles may be produced, for example, by 
stylet the end of the cable provided with the contact deformation and dissolution of the matrix metal , in such 
electrode may then be inserted through an artery into a way that each bundle will contain exactly the number 
the heart of the patient. If the stylet is then pulled out of 25 of fibers prescribed for a bundle of a cable. In this case, 
the longitudinal opening 9, the opening 9 may be closed the fiber bundles may be plaited, to produce cables 
off, if circumstances permit, even at the end of the cable according to FIGS. 1 or 3, before dissolving the matrix 
1 adapted to be connected with the pulse generator. by means of an acid. However, the fiber bundles may be 
The twin cable 21 shown in FIG. 3 comprises two made to contain each a number of fibers smaller or 
groups of bundles 23 imbedded in an insulation 27, each 30 larger than the number specified for a bundle of a spe- 
bundile 23 comprising a number of fibers 25, and the cific cable, such bundles could then be assembled in 
cable comprising in its mside a free longitudinal opening required numbers into one bundle specified for a partic- 
29. The bundles 23 are plaited and adapted to constitude ular cable, or they could be subdivided each mto 
conductors electrically msulated with respect to each smaller bundles required for a specific cable, 
other, and serving as carriers of various electrical volt- 35 The cables may be modified in other respects too. It 
ages. The two groups of bundles may each contain would be possible to provide, for example, fiber bundles 
between 4 and 8, and for example according to FIG. 3, substantially elliptical or even rectangular in cross-sec- 
6 bundles 23, each bundle containing 100 fibers or more. tion. It would be possible, furthermore, to allow several 
The two bundles 23 are arranged to run parallel to the fiber bundles intended to yield together a conductor, to 
longitudinal axis of the cable 21. The plaiting angle may 40 run around the longitudinal axis of the cable without 
lie around 30°, as is the case in the embodiment shown plaiting, in the manner of a multiple thread, or parallel 
in FIGS. 1 and 2. Since, however, the bundles 23 are not to the longitudinal axis of the cable. The cables illus- 
fuUy wound around the longitudinal axis of the cable, trated in the FIGS. 4 and 5 could be modified to such an 
they are actually not helix-shaped but rather zigzag- or end, that each conductor be subdivided into several 
wave-shaped, and may therefore contain, in places, 45 mutually plaited fiber bundles. Thus, in the fiber bundle 
such as at their peaks or wave crests, sections running of FIG. 5 the fibers, rather than being mutually plaited, 
more or less parallel to the longitudinal axis of the cable. could be twisted, i.e. wound around the longitudinal 
As an alternative, instead of running parallel to the axis of the cable. 

longitudinal axis of the cable, the two groups of cables Furthermore, it would be possible to provide a cable 

may be wound, m their entirety, helically around the 50 comprising two conductors, each consisting of one or 

longitudinal axis of the cable. The two bundles 23 may more fiber bundles, one of the conductors being ar- 

be electrically connected with two separate contact ranged to enclose the other conductor, the two conduc- 

electrodes, at one end of the cable 21, and with two tors being separated from each other in cross-section by 

separate connectors at its other end. an annular layer of insulation. 

The triplet-cable 41 shown in FIG. 4 possesses three 55 Instead of transiently mserting a stylet into the longi- 

bundles 43 curved in cross-section and comprising the . tudinal opening of the cables provided with a central 

fibers 45 preferably slightly twisted or possibly parallel longitudinal opening, before introducing the cables into 

to the longitudinal direction of their bundle. The bun- a human or animal body, it would be possible to equip 

dies 43 are imbedded into the jacket of a sleeve-shaped the cables with a steel wire placed, in the course of their 

insulation 47 having an annular cross-section and are 60 being manufactured, into the interior of the cable, to 

insulated against the outside, against the central longitu- serve as a provisional stylet. In this case, when putting 

dinal opening 49, and against each other. The bundles the cable to use, no additional stylet would be required, 

43 run parallel to the longitudinal axis of the cable, they the provisional stylet would have to be removed after 

could, however, be wound around this axis. Since the the cable has been introduced into the body, 

cable 41 comprises three conductors electrically insu- 6S Furthermore, the fibers would not necessarily have 
lated against each other and consisting each of a suigle to be imbedded directly into the insulation, but it may 

fiber bundle, the bundles comprise each, to advantage, be sufficient, circumstances permitting, to provide an 

500 or more, or 1000 or more fibers. msulating jacket enclosing the conductors on the out- 
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side, and perhaps an additional insulating coaxial hose 19. Cable as claimed in claim 18, wherein the titanium 

disposed inside the conductors. forms with at least one other metallic element an alloy 

While there are shown and described present pre- of the beta-type, 

ferred embodiments of the invention, it is to be dis- 20. Cable as claimed in claim 18, wherein the titanium 
tinctly understood, that the invention is not limited ^ comprises at least 50% by weight of the alloy, 

thereto but may be otherwise variously embodied and 21. Cable as claimed in claim 18, wherem the fibers 

practiced within the scope of the appended claims. also contain at least one metal of the group of metals 

What is claimed is: including niobium, tantalum, zirconium, chromium, 

1. Electrical cable for performing stimulations and/or molybdenum, iron and aluminum. 

measurements mside a human or animal body, for in- 22. Cable as claimed in claim 1, wherem the fibers are 

stance for a cardiac pacemaker, the cable comprising at coated with a metal oxide coat 

least one bundle of fibers, wherein each fiber is less than 23. Method of manufacturing an electrical cable for 

20 micrometers thick and has a cross-sectional area of a performing stimulations and/or measurements inside of 

single metallic material. a human or animal body, the cable comprising at least 

2. Cable as claimed in claim 1, wherein the fibers are bundle of fibers which are less than 20 micrometers 
substantially round in cross-section. thick, the method comprising the steps of: providing a 

3. Cable as claimed in claim 1, wherein the fibers are nmnber of wires thicker than the fibers and made of the 
not more than 15 micrometers thick. same metallic material as the fibers to be produced; 

4. Cable as claimed in claim 1, wherein the at least imbedding the thicker wires into a matrix consisting of 
one bundle, comprises at least 100 fibers. ^ different metallic material; subjecting the thicker 

5. Cable as claimed in claim 1, wherein the at least wires together with the matrix to a deformation process 
one bundle, comprises at least 200 fibers. during which the wires are made longer and thinner; 

6. Cable as claimed in claim 1, wherein the at least subsequently dissolving the matrix with an add to 
one bundle, comprises at least 100 fibers. 25 ^^^^ * bundle of said fibers. 

7. Cable as claimed in claim 1, wherein the fibers are ^4. Method as claimed in claim 23, wherein the defor- 
arrangcd to run at least generally one of parallel and nxation subjecting step includes subjecting the fibers to 
obliquely to the longitudinal direction of the cable so cold-deformation and subsequently to heat treatment, 
tiiat each fiber is at most 50% longer than the cable Metiiod as claimed in claim 24, wherein the sub- 
itsclf. 30 j^cting step includes subjecting the fibers to heat treat- 

8. Cable as claimed in claim 1, wherein the fibers are comprising at least one of soft-annealing, solution- 
arranged to run at least generally one of parallel and annealing and aging. 

obUqiiely to tiie longitudmal direction of the cable, so Method as claimed in claim 23, and further com- 

tiiat each fiber is at most 30% longer than the cable P"*"*8 *® ^ of subjecting the fibers to anodic oxida- 
itself. 35 

9. Cable as claimed in claim 1, wherem the fibers are ^ G]^ed hi claun 1, wherein said metaUic 
wound aromid the longitudinal axis of tiieir bundle. °^«f^ jf, ^ titanium-niobium aUoy of the beta-type. 

10. Cable as claimed in claim 1. wherein the at least claimed m clami 1, wherem each fiber 
one bundle of fibers, is arranged to run obliquely to the « ^ ?~ ¥^8^ 
longitudinal direction of the cable, at least generally. 40 ^ ^^^^^ lon^tud InsJ dir^^^ of the cable or 

11. Cable as claimed in claim 1, wherein the at least 3^. longitudmal direcUon an angle of not 

one bundle of fibers, is implemented zigzag-shaped and- ^*!!, ' ■• j. ,. , • v r-t. 

//,, .k.~^ .1a u^ii- .u-_^ 29. Cable as clamied m clami 1, wherem each fiber 

/o wave-shaped and/or hehx-shaped. and the at least one bundle is arranged so that the fibers 

12. Cable as claimed m claim 1 compnsmg two or ^ ^ ^ io„gtodmaI dir^tion of the cable or 
more bundles of fiber^ wherem the bundles are pb^^^^ form with the longitudinal direction an angle of not 
knit, woven or twisted into a joined formation. ^^^^ 

13. Cable as claimed in clmm 1. wherein the fibers are 3^ ^able as claimed in claim 1, wherein each fiber 
arranged to nm parallel to the longimdmal axis of their -^^^^^^^ 3 j ^^^^ ^^i^^ acts as an electrical 
bundle, and/or the at least one bundle runs parallel to -^^^^^^^ ^^en no significant compression force acts 

of tiie cable. msulating effect under compres- 

14. Cable as claimed m claim 1, wherem at least some ^^^^ 

of the adjaamt fibers bdongmg to the same bundle are 31. ^n electrical cable for performing stimulations 

m contact with each other, at least in places. and/or measurements inside a human or animal body, 

15. Cable as claimed in claim 1, wherein the at least 55 for instance for a cardiac pacemaker, the cable compris- 
one bundle is msulated, at least on the outside, by a ing at least one bundle of fibers, wherem each fiber has 
rubber-elastic insulation. a thickness of at most 15 micrometers and has a cross- 

16. Cable as claimed in claim 1, wherein several bun- sectional area of a beta-type titanium alloy. 

dies of fibers are imbedded into the annular jacket of a 32. Cable as claimed in claim 31, wherein each fiber 
rubber-elastic insulation comprising a central opening 50 and the at least one bundle is arranged so that the fibers 

extending in the longitudinal direction of the insulation. nm parallel to the longitudinal direction of the cable or 

17. Cable as claimed in claim 1, wherein at least two form with the longitudinal direction an angle of not 
groups of fiber bundles arc provided and electrically more than 30*. 

insulated from one another, each group comprising one 33. Cable as claimed in claim 31, wherein each fiber 
or more fiber bundles. 65 and the at least one bundle is arranged so that the fibers 

18. Cable as claimed in claim 1, wherein the fibers run parallel to the longitudinal direction of the cable or 
comprise a metallic material consisting in part of tita- form with the longitudinal direction an angle of not 
nium. more than 20*. 
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34. Cable as claimed in claim 31« wherein said alloy is 
a titanimn-oiobium alloy. 

35. Cable as claimed in claim 31. wherein the fibers 
are arranged to run at least generally one of parallel and 
obliquely to the longitudinal direction of the cable so 
that each iiber is at most 30% longer than the cable 
itself. 



that each fiber is at most 30% longer than^the cable 
itself. 

37. An electrical cable for perfonning stimulations 
and/or measurements inside a human or animal body, 
for instance for a cardiac pacemaker, the cable compris- 
ing at least one bundle of fibers, wherein each fiber is 
less than 20 micrometers thick and has a cross-sectional 
area of a beta-type titanium alloy, the fibers being ar- 
ranged to run at least generally one of parallel and 



36. Cable as claimed in claim 31, wherein the fibers ^9 the longitudinal direction of the cable so 

that each fiber is at most 30% longer than the cable 
are arranged to run at least generally one of parallel and ^^g^jf^ 

obliqudy to the longitudinal direction of the cable so • » * * • 



15 



20 



2S 



30 



35 



40 



45 



50 



55 



60 



65 



07/14/2003, EAST Version: 1.03.0002 



